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This thesis aims to explore the photophysical and catalytic properties of a 
series of Pt(II) carbon bonded complexes. The organo- Pt(II) complexes described 
in this thesis can be classified into two main types. The first type consists of Pt(II) 
complexes bearing N-Heterocyclic Carbenes (NHCs) ligands and the second are 
Pt(II) complexes containing cyclometalated ligands. The thesis is organised into 3 
chapters.  
Chapter 1 is a literature review of the chemistry of square planar d8 Pt(II) 
carbon bonded complexes with particular attention given to complexes bearing 
NHC and cyclometalated ligands. The recent applications of these complexes in 
photoluminescence and catalysis will be briefly discussed. 
Chapter 2 describes the synthesis, isolation and characterisation of novel 
Pt(II) carbon bond complexes. Interesting spectroscopic and crystallographic 
characteristics of these complexes is presented.  
In Chapter 3, the photophysical properties for some of the Pt(II) carbon 
bonded complexes, particularly of those bearing the cyclometalated ligand, 2-
phenylpyridine is discussed. In addition, the catalytic activity of Pt(II) carbon 
bonded complexes in the hydrosilylation of phenylacetylene with triethylsilane is 
evaluated.  
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   Platinum carbon bonded complexes have been researched extensively for the 
past two years.1,2 There are many different classes and types of platinum carbon 
bonded complexes developed and discussing every one of them is beyond the 
scope of this thesis. Instead, I shall briefly discuss the chemistry of two major and 
important classes of Pt(II) carbon bonded complexes. The first type is the Pt(II) N-
Heterocyclic Carbenes (NHCs) complexes while the second consists of Pt(II) 























Figure 1.1 Typical examples of Pt(II) NHC and cyclometalated complexes 
 
   Platinum(II) is a relatively “soft” metal ion. It can form stable complexes with 
many NHCs and cyclometalated ligands. These compounds can then be used as 
catalysts in homogenous catalysis3 and/or used as luminescent centers in organic 
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1.2 Chemical Properties of N-heterocyclic carbenes (NHCs) and their Pt(II) 
Complexes 
 
   The strongly σ-donating and moderately π-accepting properties of NHCs make 
them closer to phosphines than to the classical Fischer or Schrock carbenes.6 
Carbene ligands derived from heterocycles are generally air and moisture stable, 
less toxic than phosphines and less susceptible to dissociation.7 In principle, 
NHCs are stable singlet carbenes which act as excellent two electrons donor 
towards almost any metal in the periodic table. They coordinate strongly to late 
transition metals and heavy main group elements, but are also known to bind to 
early transition metals and the lanthanides. 
   NHCs derive their excellent stability from a unique electronic structure.6,7 The 
carbene carbon atom is sp2 hybridized featuring two σ bonds to the adjacent 
nitrogen atoms (“pull” stabilization due to the electronegativity of nitrogen) and 
an electron lone pair in the remaining sp2 hybridized hybrid orbital. The “push” 
stabilization arises from the πN→πC donor interactions which exist between the 
electron lone pairs on the nitrogen and the empty p-orbital of the carbene carbon 
atom (Figure 1.2). 
 
Figure 1.2 Stabilizations of a NHC. 
   Because of these “pull” and “push” effects, an NHC is generally stable on its 
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own. However, its stability may gradually decrease when the exocyclic substituent 
groups on the nitrogen become less bulky, allowing dimerisation of carbene 








Scheme 1.1 Equilibrium between an N-Heterocyclic carbene and its dimer.  
 
   When an NHC is bonded to Pt(II), the percentage of π back-donation from the 
metal to the NHC is estimated to be of the order of 10 %. According to a recent 
report by Nolan et al,9 π back-donation contributes ~ 13 % to the character of 
Pt(II)-NHC bond in Pt(II) NHC complexes with the general formula 
[Pt(NHC)(DMSO)(Cl)2]. Moreover, unsaturated NHCs such as those bearing IPr 
and IMes groups are both less σ-donating and less efficient π-acceptors compared 
to their saturated counterparts. They are weaker ligands and leave the Pt(II) center 
more electron poor than their saturated congeners. All of these deductions are well 
supported by 195Pt chemical shift data, the relevant JPt-C values as well as other 
computational and theoretical calculations such as electron density analysis 
(Figure 1.3). 















Figure 1.3 Synergistic σ and - bondings between Pt(II) and NHC. 
 
1.2.1 Mono Carbene Systems 
 
   Since the isolation of free carbene by Arduengo et al in 1991,7 extensive 
research has been devoted to the development of the chemistry of NHCs and their 
relevant complexes. In particular, NHC complexes of Group 10 metals are of great 
interest due to their potential catalytic applications. For example, Pd(II) NHC 
complexes derived from imidazole, benzimidazole and imidazoline precursors 
have been successfully developed as highly active precatalysts or catalysts for C-
C coupling reactions such as the Mizoroki-Heck and Suzuki-Miyaura couplings.10 
Comparatively, Pt(II) NHC complexes are less developed, probably due to their 
higher costs and perhaps more limited catalytic uses.11 
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   In 2007, three different methods were successfully used to synthesize a diverse 
range of Pt(II) monocarbene complexes with coordinated DMSO in relatively high 
yields. They are known as the “free’’ carbene method,9 transmetalation12 and “in-
situ’’ deprotonation13 of carbene precursors with weak bases such as NaOAc in 


































Scheme 1.2 Schematic representations for the formation of Pt(II) monocarbene 
complexes with coordinated DMSO via the (a) “Free’’ Carbene method. (b) 
Transmetalation. (c) “In-situ” deprotonation of NHC precursor with NaOAc in 
DMSO. 
 
   In all of these Pt(II) monocarbene complexes synthesized, the NHCs are cis to 
the DMSO. Moreover, the DMSO is always coordinated via the S atom to Pt(II), 
indicating the preference of Pt(II) for  the softer “S” as compared to the O atom. 
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   In 2009, a series of DMSO Pt(II) monocarbene complexes with different 
exocyclic substituent groups were synthesized by Hor et al,14 utilizing the “in-situ 
deprotonation” method. These complexes were found to be active catalysts in 
hydrosilylation as well as dehydrogenative silylation of terminal alkynes.  
   Recently, a Pt(II) monocarbene complex derived from caffeine was identified to 






























Scheme 1.3 Synthesis of Pt(II) monocarbene complex derived from caffeine via 
transmetalation and oxidative addition. 
 
   Mixed NHC-amine Pt(II) complexes have received considerable attention 
worldwide, because of their resemblance to the anticancer drug cis-platin. 
However, cis-platin has its side effects such as peripheral neuropathy and 
myelosuppression and its clinical application is limited by toxicity, particularly 
ototoxicity and nephrotoxicity.  
   Therefore, it is desirable to continue to explore and develop new platinum 
complexes without the side effects of cis-platin. The Pt(II) monocarbene complex 
derived from caffeine was synthesized via two important steps. The first step was 
transmetalation via Ag2O, followed by oxidative addition from Pt(0) to Pt(II). The 
monocarbene complex was subsequently demonstrated to be active against both 
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cisplatin sensitive and resistant cell lines in in vitro experiments. 
 
1.2.2 Bis Carbene Systems 
 
   In 2002, Strassner et al15 developed a convenient strategy to synthesize novel 
bridged Pt(II) biscarbene complexes without the isolation of the free biscarbenes. 
The reaction of methylene-bridged imidazolium salt with Pt(II) halide in the 
presence of NaOAc in DMSO afford chelating Pt(II) biscarbene complex in high 
yield. In order to avoid halogen scrambling during the reaction, it is important to 
use Pt(II) halides to react with imidazolium salts bearing the same halide counter 


















X = Br, I
DMSO
 
Scheme 1.4 Synthesis of bridging Pt(II) biscarbene complex. 
 
   Unfortunately, non-chelating Pt(II) biscarbene complexes cannot be synthesized 
effectively using the above-mentioned strategy. Despite the use of 2 equivalents of 
monocarbene precursors to react with one equivalent of Pt(II) halide in the 
presence of NaOAc in DMSO, virtually very little or no Pt(II) biscarbene complex 
is formed. Instead, a Pt(II) monocarbene complex with coordinated DMSO is 
obtained as the major product.13,14 
   Nevertheless, non-chelating Pt(II) biscarbene complexes can be obtained in 
relatively high yields by reacting the NHC precursor with Pt(cod)Cl2 together with 
the assistance of a strong base such as KOBut in another solvent such as THF 
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Scheme 1.5 Synthesis of highly fluorescent non-bridging Pt(II) biscarbene 
complex. 
 
   Alternatively, another facile method to generate non-chelating Pt(II) biscarbene 
complexes is the use (NHC)Ag(I)X complexes (X = halides) as transmetallating 
agents. Reactions of these Ag(I) complexes with K2PtCl4 usually take place at RT 
and gives the non-chelating biscarbene complexes in high yields (Scheme 1.6). 
The type of solvent used for the reaction is also crucial. When DMSO is used, no 
biscarbene complex is obtained but rather a monocarbene complex with 
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   Lastly, non-chelating Pt(II) biscarbene complexes can also be synthesized via 
oxidative addition of the NHC precursors to a Pt(0) center. The biscarbene 















55 C, 50 mins°
 
Scheme 1.7 Synthesis of “unusual” Pt(II) biscarbene complex. 
 
   Normal carbene precursors derived from typical imidazolium salts would 
coordinate at the “C2” position to Pt centers upon deprotonation. However, when 
the “C2” and “C5” positions are blocked by a substituent such as a Me or Ph 
group, it encourages binding at the “C4” position (Scheme 1.7). Interestingly, the 
biscarbene complex obtained in such manner contains NHC ligands that bind in 
the usual “normal” way as well as the “wrong” way.17 
 
1.2.3 Tetra Carbene Systems 
 
   Research on tetracarbene metal complexes started more than 35 years ago. Since 
then, examples of N-heterocyclic tetracarbene complexes of group 10 metal, in 
particular Ni(II) and Pd(II) complexes have been published.18 However, examples 
of Pt(II) tetracarbene complexes are rather rare. The first Pt(II) tetracrabene 
complex with X-ray single crystal structure was reported in 2003 19 
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   By using two equivalents of bridging NHC precursors to react with 1 equivalent 
of PtCl2 in the presence of sodium acetate in DMSO, it was discovered that a 
50:50 mixture of chelating Pt(II) bis- and tetracarbene complexes were obtained 
(Scheme 1.8). The Pt(II) bis- and tetracarbene complexes could be separated 
easily with a polar solvent such as acetonitrile. The more polar tetracarbene 
(charged) complex is readily soluble in MeCN, while the neutral biscarbene 


































Scheme 1.8 Synthesis of chelating Pt(II) tetracarbene complex. 
 
   A few years later, Hahn et al20 developed an ingenious method to convert non-
bridging Pt(II) tetracarbene complex in the presence of DMF and diphosgene into 
a bridging cyclic Pt(II) tetracarbene complex with CH-NMe2 as the bridging 
























Scheme 1.9 Conversion of non-bridging Pt(II) tetracarbene complex into bridging 
one. 
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   Even more recently, a series of homoleptic and heteroleptic Pt(II) tetracarbene 
complexes have been synthesized via different possible reaction pathways 
(Scheme 1.10).21 These complexes were subsequently found to be 
phosphorescent/triplet emitters in the deep blue region of the spectrum. Some of 
them displayed rather high emission quantum yields () together with a high 
photostability at an emission wavelength of 386 nm. These positive qualities make 
them promising candidates for future applications in phosphorescent organic light-
























































































R1and R2 = different subt groups
R1and R2 = different subt groups 
Scheme 1.10 Syntheses of chelating Pt(II) tetracarbene complex via different 
reaction pathways. 
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1.3 Pt(II) Complexes Containing Cyclometallated Ligand 
 
   The term “cyclometalation” was introduced by Trofimenko22 in 1973 to describe 
reactions of transition metal complexes in which a ligand undergoes an 
intramolecular or more rarely, intermolecular metalation with the formation of a 
chelate ring containing a metal-carbon σ bond (Scheme 1.11). Ever since, 
strenuous efforts are made to synthesise new and relevant cyclometalated 
complexes.23 Many of the well-established cyclometalated complexes are five-
membered ring compounds. Four- and six membered ring compounds are also 
known, although they are generally less stable and more difficult to prepare.24  





Scheme 1.11 Formation of metal cyclometallated ring. E = donor atom, M = 
transition metal and X = leaving group. 
 
   Among the first cyclometalated Pt(II) complexes studied were those involving 
bidentate N^C type ligands (Figure 1.4). These complexes can generally be 
classified as either homoleptic25 or heteroleptic.23b,26  
   A homoleptic Pt(II) cyclometalated complex is one which consists of two 
identical N^C ligands simultaneously bound to the Pt(II) center, i.e. [Pt(N^C)2]. 
On the other hand, a heteroleptic Pt(II) complex contains only one bidendate N^C 
ligand and either a second bidendate ligand, L (e.g. bipyridine, acetylacetonate, 
ethylediamine, etc.) or two mondendate ligands X and Y (e.g. halides, acetylides, 
etc.). Homoleptic complexes always form the cis isomer, i.e. with carbon trans to 
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Figure 1.4 Examples of Homoleptic and Heteroleptic Pt(II) cyclometalated 
complexes. 
 
1.3.1 N^C Systems 
 
   A well-established simple homoleptic Pt(II) N^C complex that forms the basic 
unit of a potentially large group of cyclometallated compounds is Pt(Phpy)2, 
where Phpy = 2-phenylpyridine (Figure 1.4). It contains deprotonated 2-
phenylpyridine (Phpy) as an anionic ligand, which is isoelectronic with the neutral 
2,2’-bipyridine (bpy). The preparation of Pt(Phpy)2 was done by simple treatment 



























Scheme 1.12 Formation of homoleptic Pt(Phpy)2 cyclometallated complex. 
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   Subsequently, extension of this synthetic method using other N^C ligands such 
as (2-(2’-thienyl)pyridine and N-(2-thienyl)pyrazole was also reported (Figure 
1.5).25b Syntheses of homoleptic complexes typically require the use of lithiated 
ligands, a route that is intolerable to many functional groups. For all these 
homoleptic complexes examined, the phosphorescence was only observed at 77 K 

















S S  
Figure 1.5 Different types of homoleptic Pt(II) N^C complexes. 
 
   After finding that the homoleptic complexes gave poor emission efficiency, 
researchers then switched their attention to heteroleptic analogues for acquiring 
better emissive Pt(II) complexes. The reaction of K2PtCl4 with 2-phenylpyridine 
(Phpy-H) in 2-ethoxylethanol at 80 °C is tricky in the sense that it would give 
either the proposed platinated chloro-bridged dimer [Pt(Phpy)(µ-Cl)2] or 
monomer [Pt(Phpy)(Phpy-H)(Cl)] as the major product depending on the 
ligand/salt molar ratio used (Scheme 1.13).27 
N









dimer monomer  
Scheme 1.13 Formation of Pt(II) Phpy dimer and monomer. 
 
   The dimer obtained was then used to react with a range of β-diketones such as 
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acetylacetone (acacH) or dipivaloylmethane (dpmH) in the presence of a base 
such as Na2CO3 to obtain the hetereoleptic complexes (Scheme 1.14).26a This 
method of synthesizing hetereoleptic Pt(II) complexes has been applied to many 
















R = CH3, C(CH3)3 
Scheme 1.14 Formation of heteroleptic Pt(Phpy) cyclometallated complex. 
 
   Functionalisation of the N^C ligands can influence the photophysical properties 
of the complexes obtained (Figure 1.6). For example, incorporation of electron-
withdrawing fluorine atoms on the phenyl ring results in blue-shifted emission. On 
the other hand, extension of π–conjugation by attaching a phenyl ring on the 
pyridyl group results in red-shifted emission. Meanwhile, increasing the 
conjugative π system of the ancillary β-diketonate ligand from acac to dbm 
(dibenzoylmethane) can significantly perturb the excited state of the complex and 
consequently, decreases the emission quantum yield ().28  

























Figure 1.6 Examples of Pt(II) cyclometalated complexes involving modified 
phenyl pyridine ligand. 
 
   In summary, all N^C ligands are anionic, and these ligands offer very strong M-
C covalent bond interaction as well as highly stabilized ligand-field strength 
towards the Pt2+ ion. One important consequence regarding the photophysics is 
that the d–d exited state, which generally serves as a major non-radiative 
deactivating channel is raised substantially to higher energy compared to 
analogous charged-neutral diimine ligands such as bpy. As a result, these N^C 
complexes are more emissive than the Pt(bpy) complexes and some also emit at 
room temperature (RT).29 
 
1.4 Applications of Pt(II) Carbon Bonded Complexes 
 
   The coordination chemistry and photophysical properties of square planar d8 
Pt(II) carbon bonded complexes have continued to gain much attention, , owing to 
their potential applications in materials science, catalysis and biochemistry.30  




   Recently, Lin et al31 reported a Pt(II) complex with a pyridine-based pincer-type 
NHC ligand, [Pt(C^N^C)(Cl)]Cl (Scheme 1.18). Interestingly, this complex shows 






N N 1. K2PtCl4
2. Ag2O2 Br
 
Scheme 1.15 Synthesis of [Pt(C^N^C)(Cl)]Cl. 
 
   The complex afforded two types of crystals, depending on the crystallization 
conditions. On one hand, recrystallisation from MeOH/Et2O would afford the 
hydrate form. On the other hand, recrystallisation from CH2Cl2/Hexane would 
produce the anhydrate form. The hydrate form exhibits orange emission (λem = 614 
nm) while the anhydrate form exhibits green (λem = 550 nm) emission. The two 
forms are interconvertible. This unique and promising aquachromic behaviour 
may find applications in moisture sensor development. 
 
1.4.2 Organic Light Emitting Diodes (OLEDs) 
 
   OLEDs are light emitting devices that have a luminescent ‘organic’ molecule in 
an emissive layer. Electricity is supplied to the device, and light is emitted at 
ambient temperature (electroluminescence). Phosphorescent organic light emitting 
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diodes (PhOLEDs) are a specific type of OLEDs which makes use of the principle 
of electrophosphorescence to convert electrical energy into light in a highly 
efficient manner.  
   Typically, a polymer such as poly(n-vinylcarbazole) is used as a host material to 
which an organometallic complex is added as a dopant. Many highly luminescent 
Pt(II) cyclometallated complexes have been successfully employed as dopants in 
OLEDs. Che et al29,32 have successfully synthesized two highly luminescent 
complexes of the type [Pt(N^C^N)Cl] in high yields and used them as emitting 
dopants in OLEDs (Figure 1.7). Both of these complexes were chosen because of 
their high emission quantum yields and thermal stability. They could be easily 
sublimed in vacuo. The results are rather remarkable. For instance, the yellow 
OLED fabricated using 1 % of B as dopant exhibits a maximum luminance of 










A B  
Figure 1.7 Structures of [Pt(N^N^C)Cl] for uses as dopants in OLED application. 
 
1.4.3 Efficient Hydrosilylaton Catalysts  
 
   The hydrosilylation of C−C multiple bonds with Pt as catalyst is an important 
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reaction for the production of silicon polymers in industry.33 Classical systems 
such as the Karstedt or the Speier catalysts display very high activity for 
hydrosilylation.34 However, there are a number of drawbacks. One of the most 
serious drawbacks is the rapid formation of inactive colloidal platinum during the 
course of the reaction, which often results in undesired side reactions and 
coloration of the final product. Thus, there is an interest for the development of 
new and more efficient hydrosilylation catalysts. 
   Recently, Gade et al35 have prepared a “hybrid” chelating Pt(II) monocarbene 
complex via transmetallation with Ag2O. Unlike the monocarbene ligands 
described previously, which are strictly monodentate in nature, this monocarbene 
ligand is bidentate as it is derived from imidazole coupled with an oxazole unit 
with an unsaturated nitrogen atom that is sufficiently nucleophilic to coordinate to 













Scheme 1.16 Synthesis of a “hybrid” chelating Pt(II) monocarbene complex. 
 
   This complex was subsequently found to be an active catalyst in the 
hydrosilylation of alkenes and alkynes. Although the activity of this system is 
generally lower than the Pt(0)-NHC complexes reported by Marko et al,36 it 
nevertheless demonstrates the potential of using this hybrid ligand that combines 
the strongly coordinating anchor NHC carbene function with a more labile 
ligating unit in hydrosilylation catalysis. 
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1.5   Objectives 
   Pt(II) complexes bearing the cyclometallated ligand, 2-phenylpyridine are 
common and well-documented in the literature. The use of ancillary ligands such 
as acetylacetonate, acetylides and halides to modify and tune the photophysical 
properties of N^C Pt(II) cyclometalated complexes have also been reported and 
well-discussed.37 However, very little is known about how an NHC would 
influence the photophysical properties of Pt(II) N^C complexes as an ancillary 
ligand. One of the main aims of the work reported in this thesis was to synthesize 
novel heteroleptic Pt(II) complexes of N^C type with NHC as the ancillary ligand 
and to examine and compare their photophysical properties with closely related 
non-carbene Pt(II) N^C complexes. 
   Recently, Strassner et al21 reported a series of bidendate Pt(II) tetracarbene 
complexes which have potential applications in PhOLED as stable emitters in the 
deep blue region of the spectrum. Many of these complexes exhibit near 
ultraviolet (UV) phosphorescence with emission wavelength maximum at 
approximately 386 nm. Another key aim of the work reported in this thesis was to 
synthesize novel Pt(II) NHC complexes which are analogous to the reported Pt(II) 
tetracarbene complexes and to examine and compare their photophysical 
properties. 
   Last but not least, over the last few years, several research groups3a,36,38 have 
reported a series of novel Pt(0) and Pt(II) NHC complexes which act as highly 
efficient hydrosilylation catalysts. As a continuing effort for our interest in 
homogeneous catalysis, another aim was to screen these newly synthesized Pt(II) 
complexes for catalytic hydrosilylation and to compare their activity and 
selectivity with the reported literature.  
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CHAPTER TWO: SYNTHESIS, ISOLATION AND 
CHARACTERISATION 
 
2.1 Ligands Synthesis 
   In the past decade, NHCs have been investigated as ligands in coordination 
chemistry, as powerful steering/controlling elements in transition-metal catalysis 
and even as metal free-catalysts for organic reactions.6 Unlike tertiary phosphines, 
their synthesis does not involve air-sensitive or pyrophoric reactants. Furthermore, 
the generation of metal NHC complexes does not necessarily always require the 
isolation and usage of “free” carbene ligands. The carbene ligands can also be 
conveniently stored and used in the form of their air-stable precursors. 
 
2.1.1 Preparation of N-Heterocyclic Carbenes (NHC) Precursors 
   All the N-Heterocyclic Carbenes (NHC) precursors prepared and used during 
the project were synthesized according to the literature procedures or with slight 
modifications.39 Nitrogen gas (N2) was not required unless otherwise stated. 
 
2.1.1.1 Imidazolium Salts (1) and (2)  
   There are two methods of preparing the bridging diimidazolium salt (1).15 One 
way is to stir N-methylimidazole with diiodomethane overnight. Alternatively, the 
diimidazolium salt can also be prepared by first synthesizing the bridging 
diimidazole, followed by alkylation with methyl iodide. Method A generally gives 
a better yield mainly because N-methylimidazole can be prepared relatively at a 
higher yield and more effectively as compared to the bridging diimidazole. The 
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reaction proceeds well at RT since both CH2I2 and CH3I are strong alkylating 
agents. In addition, 1,3-diimidazolium iodide (2) can also be prepared in near 
quantitative yield by reacting N-methylimidazole with CH3I at RT. High to near 
quantitative yields obtained for all these reactions are normal and usual as iodide 
is a better leaving group compared to other halides such as bromide and chloride 
(Scheme 2.1). 
N N N N 2I
N N








Scheme 2.1 Synthesis of 1,1’-Dimethyl-3,3’-methylene-diimidazolium diiodide (1) 
1,3-diimidazolium iodide (2).  
 
2.1.1.2 Benzimidazolium Salt (3)  
 
   1,3-Dibenzimidazolium bromide (3) was prepared via a 2 steps synthesis.39e 
(Scheme 2.2). The first step involves deprotonation of benzimidazole with a 
moderate or strong base such as K2CO3 or NaOH in MeCN. This can be achieved 
fairly easily at RT The deprotonated benzimidazole is then sufficiently 
nucleophilic to attack the primary carbon of benzyl bromide to generate the 
benzimidazolium salt. Prolonged heating and reaction time are necessary for this 
step. In general, lower yield is observed for the preparation of (3) as compared to 
(1) and (2). One obvious reason is that benzimidazole is less reactive than 
imidazole due to the attached extra electron-withdrawing phenyl ring. 
   The formation of (3) is characterized by the presence of a singlet resonance at ~ 
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10 ppm in the 1H NMR spectrum which corresponds to the NCHN proton of NHC 
precursor. Furthermore, its identity can also be confirmed by a base peak in the 
positive mode ESI spectrum which corresponds to the molecular formula of the 












Scheme 2.2 Synthesis of 1,3-dibenzimidazolium bromide (3). 
 
2.1.1.3 Xanthinium Salt (4)  
 
   1,3,7,9-Tetramethylxanthinium tetrafluoroborate (4) was prepared by the N-
alkylation of caffeine with a super “strong” alkylating agent such as 
trimethyloxonium tetrafluroborate (Scheme 2.3).39a It is necessary to use such 
“strong” alkylating agent because the non-alkylated nitrogen on caffeine is much 
lesser nucleophilic as compared to other usual heterocyclic compounds such as 
imidazole and benzimidazole. The resonance structures adopted by caffeine allow 
the delocalization of -electrons which diminishes its nucleophilicity (Scheme 
2.4). The formation of (4) is characterized by the presence of a singlet resonance 
at ~ 9.2 ppm in the 1H NMR spectrum which corresponds to the NCHN proton of 
the xanthinium salt. This chemical shift of 9.2 ppm in 1H NMR is downfield as 
compared to that of the benzimidazolium salt discussed above. 
  




























Scheme.2.4 Resonance structures of caffeine. 
 
2.1.2 Synthesis of Pt(II) Precursor, [Pt(Phpy)(µ-Cl)]2 (5) 
 
   [Pt(Phpy)(µ-Cl)]2 (5) was prepared according to the conventional literature 
method by the reaction of 2-phenylpyridine with potassium tetrachloroplatinate(II) 
in 2-Ethoxyethanol (Scheme 2.5). No NMR spectroscopic data are reported or 
available because [Pt(Phpy)(µ-Cl)]2 is only soluble in aprotic solvent such as 
DMSO in which bridge splitting occurs upon dissolution to give complex 5a 
which contains dmso as the ancillary ligand(Scheme 2.64).27a 
N





Scheme 2.5 Synthesis of [Pt(Phpy)(µ-Cl)]2 (5). 













Scheme 2.6 Synthesis of [Pt(Cl)(Phpy)(DMSO)] (5a). 
 
2.2 Synthesis of Pt(II) Carbon Bond Complexes (6–12) 
 
   Three solvent systems are commonly used for Pt(II) complexation to N^C, NHC 
and phosphine ligands. They are 2-ethoxyethanol, DMSO and DCM respectively. 
All three solvent systems used involved heating to different extents and gave 
complexes in moderate to good yields. Most complexes were observed to 
precipitate out of the solutions either by adding a polar solvent such as water or a 
relatively non-polar solvent such as Et2O to a concentrated solution mixture 
depending upon the type of solvent used for the reaction. The Pt(II) complexes 
were typically white or yellow solids. Sinter funnels were used to collect the crude 
Pt(II) complexes and the subsequent work-up involved a series of washings to 
remove any uncomplexed ligand, other starting materials and by-products formed. 
Occasionally, different recrystallization techniques were also used to purify the 
Pt(II) complexes obtained.  
 
2.2.1 Preparation of Compounds (6–12) 
 
   To the best of my knowledge, all the Pt(II) carbon bonded complexes (6–12) 
prepared and used during the period of my project are new and have not been 
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published at the time at which this thesis was written. Nitrogen gas (N2) was not 
required unless otherwise stated. 
 
2.2.1.1   PtCl2(Phpy)(Me4-XnH) (6) 
 
   PtCl2(Phpy)(Me4-XnH) (6) was prepared by reacting (4) with (5) in the presence 
of NaCl in DMSO overnight. The addition of NaCl to the reaction is to facilitate 
the bridge cleavage reaction of (5), so that the subsequent ionic exchange reaction 




























Scheme 2.7 Synthesis of PtCl2(Phpy)(Me4-XnH) (6). 
 
2.2.1.2   PtCl(Me4-Xny)(Phpy) (7) 
 
   PtCl(Me4-Xny)(Phpy) (7) was prepared by reacting (4) with (5) in the presence 
of NaOAc in DMSO overnight. No carbene complex is observed in the absence of 
NaOAc. This suggests, as mentioned earlier in chapter one of the thesis, that a 
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base is essential to facilitate the in-situ deprotonation of the xanthinium salt to 
generate the “free ylidene” which is then sufficiently nucleophilic enough to 




















Scheme 2.8 Synthesis of PtCl(Me4-Xny)(Phpy) (7). 
 
2.2.1.3   PtBr2(Me4-Xny)(DMSO) (8) 
 
   Similarly, PtBr2(Me4-Xny)(DMSO) (8), a hybrid Pt(II) monocarbene complex 
was prepared analogously by utilizing the “in-situ deprotonation” method13,14 as 
discussed in chapter one (Scheme 2.9). This method has certain drawback as Pt 
black was often observed at the end of the reaction. This is presumably due to the 
decomposition of PtBr2 during the reaction. Nevertheless, this method can be 
conveniently applied under ambient condition. Very often, moderate to good 



















Scheme 2.9 Synthesis of PtBr2(Me4-Xny)(DMSO) (8). 
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2.2.1.4   PtBr2(Bz2-Bimy)(dppe) (9) 
 
   PtBr2(Bz2-Bimy)(dppe) (9) was prepared via a 2 step synthesis. The first step 
was to prepare the known Pt(II) monocarbene complex [PtBr2(Bz2-Bimy)(DMSO)] 
which is reported previously by Hor et al.14 Subsequently, PtBr2(Bz2-
Bimy)(DMSO) and 1,2-bis(diphenylphosphino)ethane (dppe) were dissolved and 
refluxed in CH2Cl2 under N2 overnight. Unlike NHC precursors, no extra 
“deprotonation step” is necessary and the lone pair of electrons on the P atom 
already makes dppe a strong nucleophile which enables facile coordination to the 
























Scheme 2.10 Synthesis of PtBr2(Bz2-Bimy)(dppe) (9). 
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2.2.1.5   PtBr2(Bz2-Bimy)(dppf) (10) 
 
   Similar strategy used to prepare PtBr2(Bz2-Bimy)(dppe) (9) was adopted for 



























Scheme 2.11 Synthesis of PtBr2(Bz2-Bimy)(dppf) (10). 
 
2.2.1.6   PtI2(Me2-m-Dimy)(dppe) (11) 
 
   In addtion to the syntheses of Pt(II) monocarbene diphosphine complexes (9) 
and (10), the Pt(II) biscarbene diphosphine complex, PtI2(Me2-m-Dimy)(dppe) (11) 
can also prepared via a 2 step synthesis. The first step was to prepare the known 
chelating Pt(II) biscarbene complex [PtI2(Me2-m-Dimy)] reported by Strassner’s 
group15 several years ago. Then, [PtI2(Me2-m-Dimy)] and dppe were both 
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dissolved in DMSO and heated to 80 °C for 1 hr to form (11) (Scheme 2.12). The 
solvent used for the reaction can be switched from DMSO to CH2Cl2. However, 
prolonged heating and longer reaction time is necessary to obtain (11) in high 




























Scheme 2.12 Synthesis of PtI2(Me2-m-Dimy)(dppe) (11). 
 
2.2.1.7   PtI2(Me2-Imy)2(dppe) (12) 
 
   Similar strategy used to prepare PtI2(Me2-m-Dimy)(dppe) (11) was adopted for 
preparing PtI2(Me2-Imy)2(dppe) (12). The first step was to prepare the known non-
chelating Pt(II) biscarbene complex [PtI2(Me2-Imy)2] reported by Hor et al14 
recently. Subsequently, [PtI2(Me2-Imy)2] and dppe were dissolved and refluxed in 
CH2Cl2 to obtain the non-chelating Pt(II) biscarbene diphosphine complex (12) in 
relatively high yield (Scheme 2.13). 





























Scheme 2.13 Synthesis of PtI2(Me2-Imy)2(dppe) (12). 
 
2.2.2 Spectroscopic and X-ray Crystallographic Studies of Complexes (6–12) 
 
   PtCl2(Phpy)(Me4-XnH) (6) was characterized by multi-nuclei NMR (Nuclear 
Magnetic Resonance) spectroscopy (i.e. 1H, 13C and 195Pt NMR), ESI-MS 
(Electrospray Ionization Mass Spectrometry) and elemental analysis (EA). The 
NCHN proton of the xanthinium cation of (6) is diagnosed by a singlet occurring 
at ~ 9.37 ppm in the 1H NMR spectrum, while a doublet at ~ 9.49 ppm 
corresponds to the 1H resonance arising from the proton on C6 of the pyridyl 
moiety in the 2-phenylpyridine ligand. (Figure 2.1). 
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Figure 2.1 1H NMR spectrum of PtCl2(Phpy)(Me4-XnH) (6). (Spectrum was 
acquired in d6-DMSO at 500 MHz). 
 
   The positive mode ESI-MS displays a key peak at 209.1 which is equal to the 
molecular weight of the xanthinium cation of (6) (Figure 2.2). Unfortunately, 
efforts to grow single crystals for X-ray crystallographic studies have been 
hampered by its poor solubility in chlorinated solvents such as CH2Cl2 and 
chloroform. When (6) was allowed to react with NaOAc in DMSO, PtCl(Me4-
Xny)(Phpy) (7) was formed as monitored by ESI-MS. Major peaks at 557.2 and 
597.8 which correspond to the molecular formulae of the cationic fragments of (7) 
were detected (viz. [Pt(Me4-Xny)(Phpy)]+ and [Pt(Me4-Xny)(Phpy)(MeCN]+) 
(Figure 2.3). Conversely, no (7) was formed in the absence of NaOAc. This 
suggests that the formation of (7) proceeds via dehydrochlorination of (6) with the 
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Figure 2.2 ESI-MS spectrum of PtCl2(Phpy)(Me4-XnH) (6).  
 
 
Figure 2.3 ESI-MS spectrum of PtCl(Me4-Xny)(Phpy) (7).  
 
EXPT180 #7-10 RT: 0.18-0.26 AV: 4 NL: 6.24E7
T: + c ESI Full ms [50.00-2000.00]









































HORPT03 #29-61 RT: 0.83-1.66 AV: 31 NL: 1.02E8
T: + c ESI Full ms [50.00-2000.00]





















































Scheme 2.14 Formation of PtCl(Me4-Xny)(Phpy) (7) via dehydrochlorination 
with NaOAc. 
 
   Both PtCl(Me4-Xny)(Phpy) (7) and PtBr2(Me4-Xny)(DMSO) (8) have been 
studied by single-crystal X-ray crystallography. Single crystals of (7) were 
obtained by slow evaporation of a sample solution in MeCN in a NMR tube The 
bright yellow crystal of (7) which carries one solvated molecule of MeCN in the 
unit cell displays a typical square planar geometry with the N,N-heterocyclic 
carbene (NNHC) coordinated cis to the cyclometallated carbon. The Pt–Ccarbene 
bond (1.964(4) Å) in (7) is similar to what is reported for the N,S-heterocyclic 
carbene (NSHC) Pt(II) complex with 2-phenylpyridine (1.939(4) Å), but 
surprisingly, significantly shorter than those reported for other NNHC Pt(II) 
complexes with 2-phenylpyridine (2.053(7), 2.035(8) Å).23b The caffeine-derived 
carbene ligand of (7) is tilted 72.1o relative to the Pt(1)N(5)C(10) coordination 
plane, probably to minimize steric interaction between the methyl group on NHC 
and the chloride atom. The molecular structure of (7) is depicted in Figure 2.4. 
   Furthermore, instead of the usual face-to-face  stacking, intermolecular 
offset  stacking40 occurs between the pyridyl ring of 2-phenylpyridine and the 
pyrimidyl ring of caffeine-derived NHC to form an extensive network in a chain-
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like polymer. The coordinated chloride also participates in intermolecular H-
bonding with the hydrogen on the 3-position of the pyridyl ring (Figure 2.5).  
 
Figure 2.4 ORTEP plot of the molecular structure of PtCl(Me4-Xny)(Phpy), (7); 
thermal ellipsoids are drawn at the 30% probability level; hydrogen atoms and a 
solvent molecule (acetonitrile) are omitted for clarity. 
 
 
Figure 2.5 Crystal packing diagram of PtCl(Me4-Xny)(Phpy), (7) showing  
interactions (centroid-centroid distance: 3.605 Å; displacement angle: 17.9 o) and 
intermolecular hydrogen bondings (HCl ≈ 2.779 Å). 
 
   The colourless crystal of (8) also reveals a square planar geometry with the Pt(II) 
center bearing a coordination number of 4. The crystals of (8) were obtained by 
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slow diffusion of Et2O into a sample solution in CH2Cl2 at RT. From the crystal 
structure, it can be seen that the S-coordinated DMSO is cis to the NHC ligand. 
The Pt–Sdmso bond length of 2.210(3) Å is significantly longer as compared to the 
Pt–Ccarbene bond length (2.003(7) Å). However, these lengths are similar to those 
reported in other hybrid Pt(II) monocarbene complexes with coordinated DMSO. 
9,12,13,14 The solvate coordination to Pt(II) shortens the S=O bond (1.465(10) Å) 
compared to uncoordinated DMSO (1.492(1) Å).41 The molecular structure of (8) 
is depicted in Figure 2.6. Selected bond distances and angles of both complexes (7) 
and (8) are summarised in Table 2.1. 
 
Figure 2.6 ORTEP plot of the molecular structure of PtBr2(Me4-Xny)(DMSO), (8); 
thermal ellipsoids are drawn at the 30% probability level; hydrogen atoms are 
omitted for clarity. 
 
Table 2.1 Selected bond lengths [Å] and angles [] of (7) and (8) 
 
 (8) (7) 
Pt1C1 2.003(7) 1.964(4) 
Pt1S1 2.210(3) - 
Pt1C10 - 1.980(3) 
Pt1N5 - 2.071(3) 
Pt1Br1 2.446(1) - 
Pt1Br2 2.461(1) - 
Pt1Cl1 - 2.377(1) 
N1C1 1.373(9) 1.381(5) 
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N2C1 - 1.356(5) 
N4C1 1.360(8) - 
C2C5 1.380(1) 1.370(5) 
C2C3 1.399(1) - 
C4C5 - 1.424(5) 
O1C3 1.258(9) - 
O1C4 - 1.232(5) 
C1Pt1S1 91.63(15) - 
C1Pt1Br1 86.37(14) - 
S1Pt1Br1 177.99(8) - 
C1Pt1Br2 174.1(3) - 
S1Pt1Br2 90.44(8) - 
Br1Pt1Br2 91.57(5) - 
C1Pt1C10 - 95.4(1) 
C1Pt1N5 - 176.7(1) 
C10Pt1N5 - 81.3(1) 
C1Pt1Cl1 - 89.0(1) 
C10Pt1Cl1 - 175.1(1) 
N5Pt1Cl1 - 94.33(9) 
 
Figure 2.7 195Pt NMR of PtBr2(Me4-Xny)(DMSO), (8). (Spectrum was acquired 
in d2- CH2Cl2 at 107 MHz). 
   The 195Pt NMR of (8) displays a sharp singlet at approximately ~ -3797 ppm 
MScThesis                                                                                                                                            Hu Jian Jin  
 -38-
(Figure 2.7). This signal is upfield as compared to isostructural Pt(II) complexes 
(generally around -3500 ppm).9 This suggests that the NHC derived from caffeine 
binds to the metal more strongly and leaves the Pt(II) center more electron rich 
than the “usual” NHCs derived from imidazole and imidazoline. The 1JPtC value 
of ca ~1426 Hz observed in the 13C NMR spectrum of (8) is normal when 
compared to other reported analogous Pt(II) complexes, generally around 1358–
1479 Hz.9 
   For the Pt(II) monocarbene diphosphine complexes, PtBr2(Bz2-Bimy)(dppe) (9) 
and PtBr2(Bz2-Bimy)(dppf) (10), the ESI-MS spectra displayed base peaks at 
971.3 and 1127.2 which corresponds to the cationic formulae of [PtBr(Bz2-
Bimy)(dppe)]+ and [PtBr(Bz2-Bimy)(dppf)]+  respectively (Figures 2.8 and 2.9).  
 
Figure 2.8 ESI-MS spectrum of PtBr2(Bz2-Bimy)(dppe) (9).  
 
horpt05 #5-12 RT: 0.14-0.31 AV: 8 NL: 2.19E9
T: + c ESI Full ms [50.00-2000.00]
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Figure 2.9 ESI-MS spectrum of PtBr2(Bz2-Bimy)(dppf) (10). 
 
   For the 31P{1H} NMR spectrum of complex (9), a typical pattern is displayed. 
The two nonequivalent phosphorous centers generate an AX system with 2Jp-p 
ranges from 5 to 18 Hz, while the 195Pt–31P couplings split the signals again into 
satellites (Figure 2.10). The 1JP-Pt coupling allows reliable assignment of the 
31P{1H} NMR signals to cis- and trans-phosphorous atom, as larger coupling 
(>3000 Hz) is expected for phosphorous atom trans to the bromide ligand These 
values are consistent for coupling trends noted for cis- and trans-
PtBr2(phosphine)2 complexes.42 Similar 31P{1H} NMR patterns are also noted for 
complex (10). 
horpt06 #5 RT: 0.12 AV: 1 NL: 1.45E9
T: + c ESI Full ms [50.00-2000.00]
















































































Figure 2.10 31P{1H} NMR of PtBr2(Bz2-Bimy)(dppe) (9). (Spectrum was 
acquired in d3-MeCN at 202 MHz). 1JP-Pt ~ 3406.5 Hz for phosphorus atom trans 
to the bromide ligand, 1JP-Pt ~ 2247.8 Hz for phosphorus atom cis to the bromide 
ligand. 
 
   Both molecular structures of (9) and (10) are depicted in Figure 2.11 and Figure 
2.12 respectively. For both complexes, the NHCs are rotated almost orthogonal 
[(86.2 o for (9) and 85.5 o for (10))] out of the Pt coordination plane Pt(1)P(1)P(2), 
with the phenyl rings pointing away from the Pt(II) center so as to minimize steric 
interactions between the NHCs and diphosphines. Moreover, the Pt-P bonds 
(2.297(1), 2.346(1) Å) trans to the NHC ligands are slightly longer than that trans 
to bromide (2.235(1), 2.262(1) Å). This is consistent with the fact that NHCs 
exhibit a stronger trans influence as compared to phosphines.43 Selected bond 
distances and angles of complexes (9) and (10) are summarised in Table 2.2. 
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Figure 2.11 ORTEP plot of the molecular structure of PtBr2(Bz2-Bimy)(dppe), (9); 
thermal ellipsoids are drawn at the 30% probability level; hydrogen atoms and a 
solvent molecule (methanol) are omitted for clarity. 
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Figure 2.12 ORTEP plot of the molecular structure of PtBr2(Bz2-Bimy)(dppf), 
(10); thermal ellipsoids are drawn at the 30% probability level; hydrogen atoms 
and solvent molecules (acetonitrile) are omitted for clarity. 
 
Table 2.2 Selected bond lengths [Å] and angles [] of (9) and (10) 
 
 (9) (10) 
Pt1C1 2.034(3) 2.040(4) 
Pt1P2 2.2350(8) 2.2618(12) 
Pt1P1 2.2968(8) 2.3460(11) 
Pt1Br1 2.4846(4) 2.4843(5) 
N1-C1 1.3524(1) 1.341(6) 
N2-C1 1.356(4) 1.346(5) 
C1Pt1P2 92.11(9) 88.51(12) 
C1Pt1P1 175.91(9) 172.17(12) 
P2Pt1P1 84.76(3) 97.51(4) 
C1Pt1Br1 88.91(9) 85.59(12) 
P2Pt1Br1 176.29(2) 170.52(3) 
P1Pt1Br1 94.37(2) 89.06(3) 
N1C1N2 106.7(3) 107.3(4) 
N1C1Pt1 126.2(2) 126.4(3) 
N2C1Pt1 127.0(2) 126.2(3) 
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   For the Pt(II) biscarbene diphosphine complex, PtI2(Me2-m-Dimy)(dppe) (11), 
the 31P{1H} NMR spectrum is more simple to interpret as compared to the Pt(II) 
monocarbene diphosphine complexes (9) and (10). Since the two phosphorous 
centers are equivalent in this case, no 31P–31P coupling exists. The 195Pt–31P 
coupling splits the phosphorous signals into satellites with intensity ratio of 1:4:1 
(Figure 2.13).42 Similar coupling trends are also observed in the 31P{1H} NMR 
spectrum of (10). Both molecular structures of (11) and (12) are depicted in Figure 
2.14 and Figure 2.15 respectively. For (11), the chelating NHCs form a six-
membered ring with the Pt(II) center as compared to the chelating phosphines 
which form a five-membered ring, contributing more stability to the complex The 
Pt–Ccarbene bond lengths (2.040(6), 2.044(6) Å) in (11) are slightly shorter than 
those (2.061(5), 2.066(5) Å) in (12), probably due to the chelating effect of the 
bridging biscarbene ligand as compared to non-chelating moncarbene ligands. 
Selected bond distances and angles of both complexes (11) and (12) are 
summarised in Table 2.3. 
 

















Figure 2.13 31P{1H} NMR of PtI2(Me2-m-Dimy)(dppe) (11). (Spectrum was 
acquired in d4-MeOH at 202 MHz). 1JP-Pt = 2347.1 Hz 
 
Table 2.3 Selected bond lengths [Å] and angles [] of (11) and (12) 
 
 (11) (12) 
Pt1C1 2.040(6) 2.061(5) 
Pt1P2 2.3156(16) 2.3046(12) 
Pt1P1 2.2968(16) 2.2933(11) 
Pt1C6 2.044(6) 2.066(5) 
N1C1 1.333(8) 1.351(6) 
N4C6 1.356(8) 1.348(6) 
C10C11 1.506(9) - 
C11-C12 - 1.521(7) 
P1C10 1.848(6) - 
P2C11 1.824(6) - 
C1Pt1P2 169.76(17) 174.85(13) 
C1Pt1P1 96.96(17) 91.65(12) 
P2Pt1P1 80.58(6) 83.77(4) 
C1Pt1C6 83.6(2) 92.93(18) 
C6Pt1P2 97.66(18) 91.33(14) 
C6Pt1P1 173.33(18) 171.54(13) 
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Figure 2.14 ORTEP plot of the molecular structure of PtI2(Me2-m-Dimy)(dppe), 
(11); thermal ellipsoids are drawn at the 30% probability level; hydrogen atoms, I- 
anions and solvent molecules (chloroform) are omitted for clarity. 
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Figure 2.15 ORTEP plot of the molecular structure of PtI2(Me2-Imy)2(dppe), (12); 
thermal ellipsoids are drawn at the 30% probability level; hydrogen atoms, I- 















   A series of Pt(II) carbon bonded complexes (6–12) have been synthesized and 
isolated successfully. All the complexes in this study were crystallographically 
established except (6). These complexes exhibit typical square planar or distorted 
square planar geometry which is consistent with ligand field theory. For the 
monocarbene/diphosphine and dicarbene/diphosphine complexes, their 31P{1H} 
NMR spectra reveal interesting coupling patterns which allow for easy 
identification of the complexes. In the next chapter, the photophysical properties 
and catalytic activities of these complexes (6–12) in hydrosilylation will be 
discussed. 
 
2.4 Experimental Section 
 
General Procedures. Unless otherwise stated, all manipulations were performed 
without taking precautions to exclude air and moisture. All solvents were used as 
received unless otherwise noted. K2PtCl4, PtBr2, PtI2, 2-phenylpyridine, imidazole, 
benzimidazole, benzyl bromide, dibromomethane, diiodomethane, iodomethane, 
caffeine, trimethyloxonium tetrafluoroborate, dppe and dppf were either 
purchased from Strem or Sigma Aldrich and were used as received. 1H and 13C 
NMR spectra were recorded on Bruker ACF 300 MHz and AMX 500 MHz FT 
NMR spectrometers. 195Pt spectra were calibrated with Na2[PtCl6] in D2O at 0 
ppm. Electrospray ionisation mass spectrometry (ESI-MS) was recorded in 
positive ion mode using a thermo Finnigan LCQ spectrometer. Elemental analyses 
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were performed on a Perkin-Elemer PE 2400 elemental analyser at the 
Department of Chemistry, National University of Singapore.  
 
Synthesis of PtCl2(Phpy)(Me4-XnH) (6) 
 
[Pt(Phpy)(μ-Cl)]2 (0.05 g, 0.06 mmol), 1,3,7,9-tetramethylxanthinium 
tetrafluoroborate (0.038 g, 0.12 mmol) and NaCl (0.008 g, 0.12 mmol) were 
dissolved in DMSO and heated to 80 °C overnight. The resultant pale yellowish-
green solution was filtered through celite. The filtrate was stripped of the solvent 
under vacuum and deionized water (2 mL) was added. The yellowish-green 
precipitate obtained was filtered and washed successively with H2O (5 mL), 
CH2Cl2 (5 mL) and finally with Et2O (5 mL). Yield: 0.05 g, 66 %. 1H NMR 
(500.13 MHz, DMSO-d6): δ = 9.50 and 9.48 (d, 2J (H, H) = 6 Hz, 1H, Ar-H), 9.38 (s, 
1H, NCHN), 8.228.12 (m, 3H, Ar-H), 7.79 and 7.78 (d, 2J (H, H) = 8 Hz, 1H, Ar-
H), 7.53-7.50 (m, 1H, Ar-H), 7.207.13 (m, 2H, Ar-H), 4.14 (s, 3H, CH3), 4.05 (s, 
3H, CH3), 3.73 (s, 3H, CH3), 3.27 (s, 3H, CH3). 13C{1H} NMR (125.76 MHz, 
DMSO-d6): δ = 165.0, 153.2 (C=O), 150.1 (C=O), 149.2, 144.5, 141.5, 140.2, 
139.6, 139.2 (NCHN), 133.5, 130.0, 124.9, 124.2, 122.8, 119.5, 107.7, 36.7 (CH3), 
35.5 (CH3), 31.3 (CH3), 28.3 (CH3). 195Pt NMR (107.09 MHz, DMSO-d6): δ = 
3803.9 ppm. Anal. Calcd. for C20H21Cl2N5O2Pt: C, 38.2; H, 3.36; N, 11.1. Found: 
C, 37.2; H, 3.19; N, 10.8. MS  (ESI, positive mode) m/z(%): 209.1 (100%) 
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Synthesis of PtCl(Me4-Xny)(Phpy) (7) 
 
[Pt(Phpy)(μ-Cl)]2 (0.085 g, 0.11 mmol), 1,3,7,9-tetramethylxanthinium 
tetrafluoroborate (0.066 g, 0.22 mmol), anhydrous NaOAc (0.018g, 0.22 mmol) 
and NaCl (0.013g, 0.22 mmol) were dissolved in DMSO and heated to 100 °C 
overnight. The resultant pale yellowish-green solution was filtered through celite. 
The filtrate was stripped of the solvent under vacuum and deionized water (2 mL) 
was added. The pale yellow precipitate obtained was filtered and washed 
successively with H2O (5 mL) and Et2O (5 mL). Purification by recrystallization 
in MeCN afforded yellow crystals. Yield: 0.09 g, 70%. Single crystals suitable for 
x-ray diffraction were grown by slow evaporation of a sample in MeCN using an 
NMR tube. 1H NMR (500 MHz, CDCl3): δ = 9.53 and 9.52 (d, 2J (H, H) = 6 Hz, 1H, 
Ar-H), 7.90, 7.88 and 7.87 (t, 3J (H, H) = 9 Hz, 1H, Ar-H), 7.76 and 7.74 (d, 2J (H, H) 
= 8 Hz, 1H, Ar-H), 7.56 and 7.54 (d, 2J (H, H) = 8 Hz, 1H, Ar-H), 7.31, 7.30 and 
7.29 (t, 3J (H, H) = 6 Hz, 1H, Ar-H), 7.11, 7.10 and 7.09 (t, 3J (H, H) = 8 Hz, 1H, Ar-
H), 6.93, 6.92, and 6.90 (t, 3J (H, H) = 7 Hz, 1H, Ar-H), 6.48 and 6.46 (d, 3J (H, H) = 8 
Hz, 1H, Ar-H), 4.41 (s, 3H, CH3), 4.25 (s, 3H, CH3), 3.84 (s, 3H, CH3), 3.43 (s, 
3H, CH3). 13C{1H} NMR (125.76 MHz, CDCl3): δ = 169.2 (Carbene), 166.1, 
153.9 (C=O), 151.4 (C=O), 149.4, 145.4, 141.9, 140.4, 139.8, 135.3, 131.5, 124.7, 
124.2, 123.0, 118.9, 110.3, 39.6 (CH3), 38.1 (CH3) , 32.7 (CH3) and 29.3 (CH3). 
195Pt NMR (107.09 MHz, CD2Cl2): δ = 3771.0 ppm. Anal. Calcd. for 
C20H20ClN5O2Pt.CH3CN: C, 41.6; H, 3.81; N, 13.2. Found: C, 41.2; H, 3.53; N, 
13.2. MS (ESI, positive mode) m/z (%): 557.2 [Pt(Phpy)( C9H12N4O2)]+. 
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Synthesis of PtBr2(Me4-Xny)(DMSO) (8) 
 
PtBr2 (0.05 g, 0.14 mmol), anhydrous NaOAc (0.012 g, 0.14 mmol) and 1,3,7,9-
tetramethylxanthinium tetrafluoroborate (0.04 g, 0.14 mmol) were dissolved in 
DMSO and heated to 100 °C overnight. The resultant pale yellowish suspension 
was filtered through celite. The filtrate was stripped of the solvent under vacuum 
and deionized water (2 mL) was added. The white precipitate obtained was 
filtered and washed with H2O (5 mL) and vacuum dried. Yield: 0.05 g, 60 %. 
Single crystals suitable for X-ray diffraction were grown by slow diffusion of 
Et2O into a sample solution in CH2Cl2. 1H-NMR (300.13 MHz, CD2Cl2): δ = 4.41 
(s, 3H, CH3), 4.29 (s, 3H, CH3), 3.77 (s, 3H, CH3), 3.56 (t, 3J (Pt, H) = 12.8 Hz, 3H, 
(CH3)2SO), 3.55 (t, 3J (Pt, H) = 12.7 Hz, 3H, (CH3)2SO), 3.33 (s, 3H, CH3). 13C{1H} 
NMR (75.48 MHz, CD2Cl2): δ = 153.4 (s, 1C, C=O), 152.8 (s, 1C, carbene, J(Pt,C)= 
1426 Hz), 150.7 (s, 1C, C=O), 139.6 (s, 1C, NCN), 109.6 (s, 1C, NCC), 47.0 (s, 
1C, CH3SO, 2J(Pt,C)= 34 Hz), 46.9 (s, 1C, CH3SO, 2J(Pt,C)= 34 Hz), 38.8 (s, 1C, 
CH3), 37.1 (s, 1C, CH3), 32.2 (s, 1C, CH3), 28.6 (s, 1C, CH3). 195Pt NMR (107.09 
MHz, CD2Cl2): δ = 3797.9 ppm. Anal. Calcd for C11H18Br2N4O3PtS: C, 20.6; H, 
2.83; N, 8.74. Found: C, 20.8; H, 2.90; N, 8.65. MS (ESI, positive mode) m/z (%): 
601.8 (100%) [Pt(DMSO)(C9H12N4O2)(MeCN)]+.  
 
Synthesis of PtBr2(Bz2-Bimy)(dppe) (9) 
 
PtBr2(Bz2-Bimy)(DMSO) (0.05 g, 0.068 mmol) and dppe (0.038 g, 0.068 mmol) 
were dissolved and refluxed in DCM (10 mL) under N2 overnight. The colourless 
MScThesis                                                                                                                                            Hu Jian Jin  
 -51-
solution obtained was evaporated to ~ 2 mL left. Et2O was then added to the 
solution to induce precipitation. The white suspension obtained was filtered over 
the celite and the residue collected was washed with Et2O (10 mL) and dried 
under vacuum in the form of a white powder. Single crystals suitable for X-ray 
diffraction were grown by slow diffusion of Et2O into a sample solution in MeCN. 
Yield: 0.05 g, 70%. 1H NMR (500.13 MHz, CDCl3): δ =  7.50-6.90 (m, 34 H, Ar-
H), 5.79 and 5.73 (d, 2J (H, H) = 15.7 Hz, 2H, NCH2), 4.73 and 4.69 (d, 2J (H, H) = 
15.7 Hz, 2H, NCH2), 3.27-3.16 (m, 2H, PCH2), 2.75-2.68 (m, 2H, PCH2). 13C{1H} 
NMR (125.77 MHz, CDCl3): δ = 135.1, 135.0, 134.5, 134.4, 134.2, 133.6, 133.5, 
133.4, 132.8, 132.7, 130.2, 130.1, 130.0, 129.9, 129.6, 129.1, 128.2, 128.1, 127.9, 
127.8, 127.4, 124.9, 112.9 (Ar-C), 53.2 (NCH2), (Carbene) and (P-CH2)  carbon 
signal were not detected after 18000 scans. 31P{1H} NMR (202.45 MHz, CD3CN): 
δ = 42.84 and 42.82 (d, 2J (P, P) = 5.0 Hz, 2J (Pt, P) = 2247.8 Hz, 1P, Pt-P), 42.33 and 
42.29 (d, 2J (P, P) = 7.4 Hz, 2J (Pt, P) = 3406.5 Hz, 1P, Pt-P). Anal. Calcd. for 
C47H42Br2N2P2Pt: C, 53.7; H,4.03; N, 2.66. Found: C, 53.7; H, 4.10; N, 2.82. MS 
(ESI, positive mode) m/z (%): 971.2 (100%) [PtBr(Bz2-Bimy)(dppe)]+. 
 
Synthesis of PtBr2(Bz2-Bimy)(dppf) (10) 
 
PtBr2(Bz2-Bimy)(DMSO) (0.05 g, 0.068 mmol) and dppe (0.038 g, 0.068 mmol) 
were dissolved and refluxed in DCM (10 mL) under N2 overnight. The yellow 
solution obtained was evaporated to ~ 2 mL left. Et2O was then added to the 
solution to induce precipitation. The yellow suspension obtained was filtered over 
the celite and the residue collected was washed with Et2O (10 mL) and dried 
under vacuum in the form of a yellow powder. Single crystals suitable for X-ray 
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diffraction were grown by slow diffusion of Et2O into a sample solution in MeCN. 
Yield: 0.05 g, 61 %. 1H NMR (500.13 MHz, CDCl3): δ = 7.83-6.85 (m, 36 H, Ar-
H and NCH2), 6.36 and 6.33 (d, 2J (H, H) = 15.8 Hz, 2H, NCH2), 5.03 (s, 2H, Cp 
ring), 4.83 (s, 2H, Cp ring), 4.32 (s, 2H, Cp ring), 3.60 (s, 2H, Cp ring). 31P{1H} 
NMR (202.45 MHz, MeOD): δ = 14.64 and 14.55 (d, 2J (P, P) = 17.4 Hz, 2J (Pt,P) = 
2304.9 Hz, 1P, Pt-P), 12.59 and 12.51 (d, 2J (P, P) = 17.4 Hz, 2J (Pt, P) = 3614.9 Hz, 
1P, Pt-P) Anal. Calcd. for C55H46Br2FeN2P2Pt: C, 54.7; H, 3.84; N, 2.32. Found: C, 
50.2; H, 3.78; N, 2.45. MS (ESI, positive mode) m/z (%): 1127.2 (100%) 
[PtBr(Bz2-Bimy)(dppf)]+.  
 
Synthesis of PtI2(Me2-m-Dimy)(dppe) (11) 
 
PtI2(Me2-m-Dimy) (0.04 g, 0.064 mmol) and dppe (0.025g, 0.064 mmol) were 
dissolved in DMSO and heated to 80 °C for 1 h. The yellow solution obtained was 
stripped of solvent under vacuum and the remaining residue was washed with 
Et2O (2 mL). The sticky residue obtained was subsequently re-dissolved in 
CH3CN (2 mL) and precipitation was induced with the addition of Et2O (5 mL). 
The yellow precipitate obtained was filtered and dried under vacuum in the form 
of a yellow powder. Yield: 0.05 g, 70 %. Single crystals suitable for X-ray 
diffraction were grown by slow diffusion of Et2O into a sample solution in CHCl3. 
1H NMR (500.13 MHz, MeOD): δ = 8.17-7.44 (m, 22 H, Ar-H), 7.06 (s, 2 H, Ar-
H), 6.33-6.27 (m, 2H, NCH2N), 3.40 (s, 6 H, CH3), 3.10-2.56 (m, 4 H, PCH2). 
31P{1H} NMR (202.45 MHz, MeOD): δ = 38.45 (s, 2J (Pt, H) = 2347.1 Hz). Anal. 
Calcd. for C35H36I2N4P2Pt: C, 41.0; H, 3.55; N, 5.47. Found: C, 41.1; H, 3.73; N, 
5.34. MS (ESI, positive mode) m/z (%): 384.7 (50%) [Pt(PtI2(Me2-m-
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Dimy))(dppe)]2+, 896.0 (100%) [PtI(Me2-m-Dimy)(dppe)]+.  
 
Synthesis of PtI2(Me2-Imy)2(dppe) (12) 
 
PtI2(Me2-Imy)2 (0.09 g, 0.14 mmol) and dppe (0.05 g, 0.14 mmol) were dissolved 
and refluxed  in DCM (10 mL) under N2 overnight. A white suspension was 
obtained. The suspension was filtered when hot and the residue collected was 
washed with Et2O (10 mL). The residue was dried under vacuum in the form of an 
off-white powder. Yield: 0.10g, 70 %. Single crystals suitable for X-ray diffraction 
were grown by slow diffusion of Et2O into a sample solution in MeCN. 1H NMR 
(300.13 MHz, CD3CN): δ = 7.72-7.40 (m, 20 H, Ar-H), 7.06-7.03 (m, 4 H, Ar-H), 
3.24 (s, 12H, CH3), 2.76-2.62 (m, 4 H, PCH2). 31P{1H} NMR (121.49 MHz, 
CD3CN): δ = 41.55 (s, 2J (Pt, H) = 2186.5 Hz). Anal. Calcd. for C36H40I2N4P2Pt: C, 
41.6; H, 3.88; N, 5.39. Found: C, 41.4; H, 3.84; N, 5.00. MS (ESI, positive mode) 
m/z (%): 392.5 (50%) [Pt(Me2-Imy)2(dppe)]2+, 816.1 (100%) [PtI(Me2-
Imy)(dppe)]+. 
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Since the discovery of the photophysical properties of [Ru(bipy)3]2+ in 1959,44 
interest in luminescent organometallic complexes has increased dramatically. Of 
particular interest are complexes involving the Pt-based metal. Platinum45 
possesses high spin-orbit coupling (SOC), which increases the rate of intersystem 
crossing (ISC) and subsequently the probability of phosphorescence. 
Phosphorescence can be defined as the radiative relaxation of molecules from the 









Figure 3.1 Illustration of a typical Jablonski Diagram. Solid coloured arrows 
represent radiative transitions, and broken arrow represent non-radiative 
transitions. 
 
   Since the T1→S0 transition is a weak effect and is only partially allowed, the 
typical phosphorescence lifetime of a Pt(II) complex is usually on the order of 
microseconds which are significantly longer compared to the fluorescence lifetime 
(nanoseconds). Furthermore, phosphorescence also has a larger stoke shift than 
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fluorescence due to the triplet state having a lower energy.  
   In general, phosphorescent emission of N^C type Pt(II) complexes based on 2-
phenylpyridine is typically red-shifted as compared to that of the free ligand. Their 
emission has been assigned to emanate from a mixed 3LC-3MLCT excited state. 
The molecular orbitals involved in the electronic transitions are the ligand-centred 
π-bonding orbital, the metal-centred d orbital as well as the ligand-centred π*-




MLCT  - *
 
Figure 3.2 Schematic MO diagram illustrating ligand-centred 3π- π* and 3MLCT 
transitions in mononuclear Pt(II) N^C complexes. 
 
   Just as highly luminescent Pt(II) complexes can find applications in OLEDS and 
sensors,4,31 non-luminescent Pt(II) complexes can find applications in other 
categories as well. In fact, many non-luminescent Pt(II) complexes are efficient 
homogeneous catalysts3 and anticancer drugs.5 In the following sections, the 
photophysical properties as well as the catalytic activity of the newly synthesized 
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3.1.1 Solid State Emissions 
 
   Both cyclometallated complexes (6) and (7) exhibit solid state RT 
photoluminescence. They give emission mainly in the green region of the visible 
spectrum with emission wavelength maxima at 489, 520 and 560 nm for (7) and 
506, 533 and 580 nm for (6) respectively. Their emission patterns are typically of 
vibronic-like progression in nature.46 The carbene complex (7) exhibits a slight 
hypsochromic (blue) shift compared to the non-carbene complex (6) (Figure 3.2). 
 
Figure 3.3 Normal emission spectra of PtCl2(Phpy)(Me4-XnH) (6) and PtCl(Me4-
Xny)(Phpy) (7) measured as powders on quartz sustrate at RT. (λex = 376 nm). 
 
   In addition, (7) has a lower emission quantum yield (Ф) and a shorter observed 
lifetime (τobs) compared to (6). The lifetimes for both complexes (6) and (7) are on 
the order of microseconds (s), indicating that phosphorescence is taking place 
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rather than fluorescence. The coordination of NHC to Pt(II) reduced the emission 
quantum yield (Ф) of (7) compared to (6). In this system, the NHC derived from 
caffeine seems to act as an “emission quencher” as the quantum yield (Ф) drops 
from 0.85 to 0.58 upon the coordination of NHC to Pt(II). This suggests a 
significant impact of NHC formation on the photoluminescent behavior of Pt(II) 
cyclometallated complexes. In order for complexes to be photoluminescent, the 
metal d-d excited state must at least be higher in energy than the 3MLCT emitting 
state. However, if the emitting state (3MLCT or 3π-π) and the metal d-d excited 
state lie too close in energy, there is a tendency that they can thermally equilibrate, 
thereby quenching the emission through fast non-radiative decay.29  
   Apparently, the carbene coordination to Pt(II) center may have lowered the 
energy gap between the 3MLCT emitting state and the S0 ground state. This, in 
turn, should significantly, also increase the amount of non-radiative decay 
processes (Knr) by a modest amount as directed by the energy-gap law which 
states that the non-radiative decay of a metal complex increases exponentially as 
the energy gap or emission energy decreases (Figure 3.4).29   
   Since the carbene ligand binds more strongly to the Pt(II) center than the 
corresponding chloride, the metal d-d excited state should be further raised by the 
metal ligand. On the other hand, the strong trans influence of the carbene may 
also reduce the bonding between the 2-phenylpyridine ligand and Pt(II) center, 
which then subsequently reduces the rigidity of metal-ligand interaction as well as 
the emission quantum yield (Ф) (Figure 3.4 and Table 3.1). 
 













Figure 3.4 A postulated MO diagram illustrating the relationship between 
emission quantum yields (Ф) of (6) and (7) and the bonding between Pt(II) and 2-
phenylpyridine. Egap stands for energy gap. 
 
Complexes PL max /nm QY () obs/ s Kr (S-1) Knr (S-1) 
(7) 489, 520 and 
560 
0.58 3.68 1.57 x 105 1.1 x 105 
(6) 506, 533 and 
580 
0.85 5.95 1.43 x 105 2.5 x 104 
 
Table 3.1 Photophysical data for PtCl2(Phpy)(Me4-XnH) (6) and PtCl(Me4-
Xny)(Phpy) (7) in solid state at r.t. Kr and Knr were calculated according to the 
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   For complex (6), when the solid state emissions were measured from RT to low 
temperatures (i.e. from 300 K to 80 K), the vibronic-like progression patterns 
become more resolved and more vibronic nodes with shorter intervals are 
observed from the low temperature spectra (Figure 3.3). This may be related to the 
unique structural features of (6). Unfortunately, single crystals of (6) for X-ray 
crystallographic studies have not been obtained despite numerous efforts. 
 
Figure 3.5 Solid state temperature dependence emission spectra of 
PtCl2(Phpy)(Me4-XnH) (6). (λex = 325 nm). 
 
   Meanwhile, complex (8) is non-emissive at RT, probably because the lowest 
lying T1 state is dominated by the ligand-centered -* transition which, in turn, 
may effectively suppress the spin-orbit coupling.29,47 This argument is supported 
by the UV-Vis spectrum of (8) (Figure 3.4), in which only a high energy 
absoprtion band at 273 nm is observed. This wavelength is typical for a ligand-
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centered -* transition. No metal-to-ligand-charge transfer (MLCT) absorption 
bands can be observed. On the other hand, lower energy absorption bands in the 
range from 350 nm to 450 nm are observed for complexes (6) and (7) (Figure 3.4). 
This suggests some MLCT contribution from Pt(II) to the Phpy which enhances 
the spin-orbit coupling and hence its phosphorescence activity.29,47  
 
Figure 3.6 UV-Vis absorption spectra of PtCl2(Phpy)(Me4-XnH) (6), PtCl(Me4-
Xny)(Phpy) (7) and PtBr2(Me4-Xny)(DMSO) (8) recorded in CH2Cl2 at RT  
 
   The photoluminescence in (6) and (7) are mainly dependent on the [Pt(Phpy)] 
fragment. In general, the 2-phenylpyridine ligand provides a low lying state that is 
emissive in nature.  
   Surprisingly, both Pt(II) biscarbene diphosphine complexes (11) and (12) are 
also emissive in the solid state despite the fact that they do not contain any 
cyclometallated ligand. They range from weakly emissive at RT to strongly 
emissive at low temperatures. Their emission patterns also differ from that of (6) 
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and (7). Instead of vibronic-like progression type of emission, (11) and (12) give 
emission patterns which are broad in nature with emission wavelength maxima at 
~ 525 nm and 490 nm for (11) and (12) respectively (Figures 3.5 and 3.6). This 
suggests that the origin of emission for (11) and (12) is different from that of (6) 
and (7).46b These wavelengths are significantly red-shifted compared to the 
reported homoleptic Pt(II) tetracarbene complexes (λem = 386 nm).21 On the other 
hand, both Pt(II) monocarbene diphosphine complexes (9) and (10) are totally 
non-emissive at both RT and low temperatures. 
 
Figure 3.7 Solid state temperature dependence emission spectra of PtI2(Me2-m-
Dimy)(dppe) (11). (λex = 325 nm). 
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Figure 3.8 Solid state temperature dependence emission spectra of PtI2(Me2-
Imy)2(dppe) (12). (λex = 325 nm). The peak at 650 nm corresponds to a second-




   The isolation and characterization of Pt(II) carbon bonded complexes (6–12) 
have enabled comparison with the documented Pt(0) and Pt(II) NHC activities in 
hydrosilylation.14,35,36,38 The hydrosilylation of alkynes generally yields three 
regioisomers: the σ, β(E) and β(Z) isomers. Occasionally, during the reaction, 
catalytic dehydrogenative silylation may also occur to complete with 
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Scheme 3.2 Modified Chalk-Harrod Mechanism to account for the catalytic 
hydrosilylation and dehydrogenative silylation of alkynes. 
 
   Of the seven Pt(II) carbon bonded complexes (6–12) screened, (8) was the most 
active catalyst, giving 100 % conversion within 2 hrs. The major products are 
generally a and b, whereas c and d are the minor products. Some trace amounts of 
reductive side products of styrene and ethylbenzene are also detected by GC-MS, 
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although they are generally insignificant compared to a–d. The DMSO-
coordinated Pt(II) monocarbene complex (8) derived from caffeine appears to be 
an excellent candidate for catalytic hydrosilylation and dehydrogenative silylation 
of phenylacetylene. A comparison between (8) and several other already reported 
isostructural complexes14 demonstrates that, in term of activity, (8) is the best 
































i ii iii  
Figure 3.9 Pt(II) complexes screened as catalysts for hydrosilylation 







a b c d 
1 (8) 1 60 37 50 4 9 
2 (8) 2 100 42 44 3 11 
3 i 2 86 27 64 3 6 
4 i 4 94 23 69 3 5 
5 ii 2 66 57 36 4 3 
6 ii 4 84 61 33 3 3 
7 iii 2 76 42 47 3 8 
8 iii 4 95 43 44 3 10 
 
Table 3.2 Hydrosilylation of phenylacetylene with triethylsilane catalysed by (8) 
& (i–iii). Reaction conditions: alkyne/silane ratio is 1.2, solvent is toluene, T = 
100 °C; yield and selectivity of products were measured by 1H NMR and GC-MS. 
   In addition, both cyclometallated complexes (6) and (7) also show some 
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reasonable catalytic activity in hydrosilylation and dehydrogenative silylation 
reactions. In term of selectivity, the non-carbene cyclometallated complex (6) 
selects a as the major product while the carbene cyclometallated complex (7) 
prefers b as the major product. In term of activity, (6) is more active compared to 
(7), giving 100 % conversion within 4 hrs. This suggests that the coordination of 
NHC to Pt(II) center might reduce the catalytic activity of Pt(II) cyclometallated 
complexes to a certain extent (Table 3.3). As for the carbene/phosphine Pt(II) 
complexes (9–12), all of them show no activity after 24 hrs, except (9) which 
proceeded to give ~ 11 % conversion. Apparently, when both NHCs and chelating 
diphosphines (strongly σ- donating ligands) are simultaneously coordinated to 
Pt(II), this may result in complexes that are too thermodynamically and kinetically 







a b c d 
1 (6) 2 87 49 35 2 14 
2 (6) 4 100 52 33 2 13 
3 (7) 6 51 38 51 3 7 
 
Table 3.3 Hydrosilylation of phenylacetylene with triethylsilane catalysed by (6) 
& (7). Reaction conditions: alkyne/silane ratio is 1.2, solvent is toluene, T = 
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3.2 Conclusion  
 
   In summary, a series of Pt(II) carbon bonded complexes (6–12) have been 
isolated and characterised. In addition, their luminescent and catalytic activities 
have also been briefly explored. Both cyclometallated complexes (6) and (7) are 
phosphorescent emitters in the green region of the visible spectrum at RT while 
the monocarbene Pt(II) complexes (8), (9) and (10) are non-emissive. It is 
important to note that the photoluminescence in (6) and (7) are mainly dependent 
on the [Pt(Phpy)] group. When compared to other similar Pt(II) Phpy complexes 
with different ancillary ligands such as acac, the photoluminescence in (6) and (7) 
appear to be slightly red-shifted (i.e. from 450 nm to 489 and 506 nm for (6) and 
(7) respectively).26,28 As for the heteroleptic Pt(II) dicarbene/diphosphine 
complexes (11) and (12), they are weakly emissive at RT but strongly emissive at 
low temperatures. They give broad emission patterns which are different 
compared to that of the cyclometallated Pt(II) complexes (6) and (7). Their 
emissions are also typically of red-shifted as compared to the reported Pt(II) 
tetracarbene complexes which were found to be near-UV room temperature 
phosphorescent emitters.21 It is currently unclear why the Pt(II) biscarbene 
diphosphine complexes (11) and (12) are emissive while the Pt(II) monocarbene 
diphosphine complexes (9) and (10) are non-emissive. More studies are needed in 
order to answer this question. For catalytic hydrosilylation and dehydrogenative 
silylation, the Pt(II) caffeine-derived monocarbene complex with a coordinated 
DMSO (8) is the most active (i.e. giving 100 % conversion within 2 hrs), followed 
by the cyclometallated complexes (6) and (7). All the Pt(II) NHC/diphosphine 
complexes (9–12) are either very poor catalysts or non-active. Current efforts in 
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our laboratory are directed towards the designs of Pt(II) carbon bonded complexes 
which display good photoluminescence and / or are good active precatalysts or 
catalysts in hydrosilylation. Current efforts in our laboratory are directed towards 
the investigations and applications of other complexes in both catalysis and 
photoluminescence. 
 
3.3 Experimental Section 
 
General Procedures. Photophysical data of (6) & (7) were measured using an 
Edinburgh Fluorescence and Phosphorescence Lifetime Spectrometer FL920P 
equipped with an integrating sphere for Quantum Yield (Ф) measurements at the 
Department of Chemistry, National Tsing Hua University, Hsinchu 30013, Taiwan. 
The temperature dependence emission spectra of (6), (11) and (12) were measured 
by mounting the solid samples on the cold finger of a closed-cycle cryostat (Janis 
SHI-4-5) and excited by the 325nm line of a He-Cd laser (Kimmon KR1801C). 
The excitation power of the laser was 20uW. The photoluminescence was 
dispersed through a monochromator (Acton SpectroPro 2300i) and detected with a 
liquid N2 cooled CCD camera (Princeton, Spec-10:100). These sets of 
measurements were done at Institute of Materials Research and Engineering 
(IMRE), Agency for Science, Technology and Research (A*STAR), Singapore. 
 
Catalytic Hydrosilylation Procedure: 
 
A suspension of (6) (0.005 mmol) in toluene was prepared in a Schlenk tube.  
Phenylacetylene (0.6 mmol), together with triethylsilane (0.5 mmol), was added in 
quick successions via syringe. The yellow solution was stirred at 100 °C for 24 hrs. 
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Samples were taken periodically for GC-MS analysis. After 24 hrs, the reaction 
was stopped and the crude mixture was filtered through a capillary tube filled with 
silica gel, stripped of solvent, and analysed by 1H NMR spectroscopy. A similar 
procedure was applied to the investigation of complexes (7–12). The 
hydrosilylation products were unambiguously determined on the basis of the 
olefinic coupling constants in the 1H NMR spectra and by GC-MS.14,35,38 The 
products of dehydrogenative silylation reaction were identified based on their m/z 
data and characteristic MS fragmentation patterns determined by GC-MS.14,35,38  





(1) (a) Dunsford, J. J.; Cavell, K. J.; Kariuki, B. J. Organomet. Chem., 2011, 
696, 188. (b) Petretto, G. L.; Wang, M.; Zucca, A. Rourke, J. P. Dalton 
Trans., 2010, 39, 7822. (c) Fortman, G. C.; Scott, N. M.; Linden, A.; 
Stevens, E. D.; Dorta, R.; Nolan, S. P. Chem. Commun. 2010, 46, 6831. (d) 
O. W. W. N.; Lough, A. J.; Morris, R. H. Organometallics 2010, 29, 570. 
(2) (a) Hudson, Z. M.; Sun, C.; Helander, M. G.; Amarne, H.; Lu, Z.-H.; Wang, 
S. Adv. Funct. Mater. 2010, 20, 3426. (b) Velusamy, M.; Chen, C.-H.; Wen, 
Y. S.; Lin, J. T.; Lin, C.-C.; Lai, C.-H.; Chou, P.-T. Organometallics 2010, 
29, 3912. (c) Rausch, A. F.; Monkowius, U. V.; Zabel, M.; Yersin, H. Inorg. 
Chem., 2010, 49, 7818. (d) Pandya, S. U.; Moss, K. C.; Bryce, M. R.; 
Batsanov, A. S.; Fox, M. A.; Jankus, V.; Al Attar, H. A.; Monkman, A, P. 
Eur. J. Inorg. Chem. 2010, 1963. 
(3) (a) Berthon-Gelloz, G.; Bruin, B. D.; Tinant, B. Markó, I. E. Angew. Chem. 
Int. Ed. 2009, 48, 3161. (b) Pubill-Ulldemolins, C.; Bo, C.; Mata, J. A.; 
Fernández, E. Chem. Asian. J. 2010, 5, 261. (c) Hashmi, A. S. K.; 
Lothschütz, C.; Böhling, C.; Hengst, T.; Hubbert, C.; Rominger, F. Adv. 
Synth. Catal. 2010, 352, 3001. 
(4) (a) Che, C.-M.; Kwok, C.-C.; Lai, S.-W.; Rausch, A. F.; Finkenzeller, W. J.; 
Zhu, N.; Yersin, H. Chem. Eur. J. 2010, 16, 233. (b) Yuen, M.-Y.; Kui, S. 
C. F.; Low, K.-H.; Kwok, C-C.; Chui, S.S.-Y.; Ma, C.-W.; Zhu, N.; Che, 
C.-M. Chem. Eur. J. 2010, 16, 14131. 
(5) (a) Skander, M.; Retailleau, P.; Bourrié, B.; Schio, L.; Mailliet, P.; 
Marinetti, A. J. Med. Chem. 2010, 53, 2146. 
MScThesis                                                                                                                                            Hu Jian Jin  
 -70-
(6) (a) Herrmann, W. A.; Köcher, C. Angew. Chem. Int. Ed. Engl. 1997, 36, 
2162. (b) Herrmann, W. A. Angew. Chem. Int. Ed. 2002, 41, 1290. (c) 
Kantchev, E. A. B.; O’Brien, C. J.; Organ, M. G. Angew. Chem. Int. Ed. 
2007, 46, 2768. (d) Hahn, F. E.; Jahnke, M. C. Angew. Chem. Int. Ed. 2008, 
47, 3122. (e) Díez-González, S.; Marion, N.; Nolan, S. P. Chem. Rev., 
2009, 109, 3612. 
(7) (a) Arduengo, A. J.; Harlow, R. L. Kline, M. J. Am. Chem. Soc., 1991, 113, 
361. (b) Herrmann, W. A.; Elison, M.; Fischer, J.; Köcher, C.; Artus, G. R. 
J. Angew. Chem. Int. Ed. Engl. 1995, 34, 2371. 
(8) (a) Hahn, F. E.; Wittenbecher, L.; Van, D. L.; Fröhlich, R. Chem. Int. Ed. 
2000, 39, 541. 
(9) (a) Fantasia, S.; Petersen, J. L.; Jacobsen, H.; Cavallo, L.; Nolan, S. P. 
Organometallics 2007, 26, 5880. 
(10) (a) Marion, N.; Fremont, P. D.; Puijk, I. M.; Ecarnot, E. C.; Amoroso, D.; 
Bell, A.; Nolan, S. P. Adv. Synth. Catal. 2007, 349, 2380. (b) Hartmann, C. 
E.; Nolan, S. P.; Cazin, C. S. J. Organometallics 2009, 28, 2915. (c) Xu, X.; 
Xu, B.; Li, Y.; Hong, S. H. Organometallics 2010, 29, 6343. 
(11) (a) Cardin, D. J.; Cetinkaya, B.; Cetinkaya, E.; Lappert, M. F.; Manojlović-
Muir, L. J.; Muir, K. W. J. Organomet. Chem., 1972, 44, C59. (b) Hiraki, 
K.; Onishi, M.; Ohnuma, K.; Sugino, K. J. Organomet. Chem., 1981, 216, 
413. (c) Sellmann, D.; Prechtel, W.; Knoch, F.; Moll, M. Inorg. Chem., 
1993, 32, 538. 
(12) (a) Newman, C. P.; Deeth, R. J.; Clarkson, G. J. Rourke, J. P. 
Organometallics 2007, 26, 6225. 
(13) (a) Han, Y.; Huynh, H. V.; Tan, G. K. Organometallics 2007, 26, 4612. 
MScThesis                                                                                                                                            Hu Jian Jin  
 -71-
(14) (a) Hu, J. J.; Li, F.; Hor, T. S. A. Organometallics 2009, 28, 1212. 
(15) (a) Muehlhofer, M.; Strassner, T.; Herdtweck, E.; Herrmann, W. A. J. 
Organomet. Chem.,2002, 660, 121. 
(16) (a) Liu, Q. -X.; Song, H. -B.; Xu, F. -B.; Li, Q. -S.; Zeng, X.-S.; Leng, X.-
B.; Zhang, Z.-Z. Polyhedron 2003, 22, 1515. (b) Liu, Q.-X.; Xu, F.-B.; Li, 
Q.-S.; Song, H.-B.; Zhang, Z.-Z. Organometallics 2004, 23, 610. 
(17) (a) Bacciu, D.; Cavell, K.J.; Fallis, I. A.; Ooi, L.-L. Angew. Chem. Int. Ed. 
2005, 44, 5282. 
(18) (a) McKie, R.; Murphy, J. A.; Park, S. R.; Spicer, M. D.; Zhou, S.-Z. 
Angew. Chem. Int. Ed. 2007, 46, 6525. (b) Lee, C.-S.; Pal, S.; Yang, W.-S.; 
Hwang, W.-S.; Lin, I. J. B. J. Mol. Catal. A. Chem., 2008, 280, 115. (c) 
Huynh, H. V.; Jothibasu, R. Eur. J. Inorg. Chem. 2009, 1926. (d) Findlay, 
N. J.; Park, S. R.; Schoenebeck, F.; Cahard, E.; Zhou, S.-Z.; Berlouis, L. E. 
A.; Spicer, M. D.; Tuttle, T.; Murphy, J. A. J. Am. Chem. Soc., 2010, 132, 
15462. 
(19) (a) Quezada, C. A.; Garrison, J. C.; Tessier, C. A.; Youngs, W. J. J. 
Organomet. Chem.,2003, 671, 183. 
(20) (a) Hahn, F. E.; Langenhahn, V.; Lügger, T.; Pape, T.; Van D. L. Angew. 
Chem. Int. Ed. 2005, 44, 5282. 
(21) (a) Unger, Y.; Zeller, A.; Ahrens, S.; Strassner, T. Chem. Commun. 2008, 
3263. (b) Unger, Y.; Zeller, A.; Taige, M. A.; Strassner, T. Dalton Trans., 
2009, 4786. (c) Unger, Y.; Meyer, D.; Strassner, T. Dalton Trans., 2010, 39, 
4295. 
(22) (a) Trofimenko, S. J. Chem. Soc. Dalton Trans.: Inorg. Chem., 1973, 12, 
1215. 
MScThesis                                                                                                                                            Hu Jian Jin  
 -72-
(23) (a) Pugliese, T.; Godbert, N.; Aiello, I.; Deda, M. L.; Ghedini, M.; Amati, 
M.; Belviso, S.; Lelj, F. Dalton Trans., 2008, 6563. (b) Yen, S. K.; Young, 
D. J.; Huynh, H. V.; Koh, L. L.; Hor, T. S. A. Chem. Commun. 2009, 6831. 
(c) Unger, Y.; Meyer, D.; Molt, O.; Schildknecht, C.; Münster, I.; 
Wagenblast, G.; Strassner, T. Angew. Chem. Int. Ed. 2010, 49, 10214. (d) 
Haghighi, M. G.; Rashidi, M.; Nabavizadeh, S. M.; Jamali, S.; Puddephatt, 
R. J. Dalton Trans., 2010, 39, 11396. 
(24) (a) Shilov, A. E.; Shul’pin, G. B. Chem. Rev., 1997, 97, 2879. (b) Omae, I. 
Coord. Chem. Rev., 2004, 248, 995. 
(25) (a) Chassot, L.; Muller, E.; Zelewsky, A. V.; Inorg. Chem., 1984, 23, 4249. 
(b) Maestri, M.; Sandrini, D.; Balzani, V.; Chassot, L.; Jolliet, P.; Zelewsky, 
A. V.; Chem. Phys. Lett., 1985, 122, 375. 
(26) (a) Brooks, J.; Babayan, Y.; Lamansky, S.; Djurovich, P. I.; Tsyba, I.; Bau, 
R.; Thompson, M. E. Inorg. Chem., 2002, 41, 3055. (b) Yagyu, T.; Ohashi, 
J.-I.; Maeda, M. Organometallics 2007, 26, 2383. 
(27) (a) Godbert, N.; Pugliese, T.; Aiello, I.; Bellusci, Crispini, A.; Ghedini, M. 
Eur. J. Inorg. Chem. 2007, 5105. (b) Niedermair, F.; Waich, K.; Kappaun, 
S.; Mayr, T.; Trimmel, G.; Mereiter, K.; Slugovc, C. Inorg. Chim. Acta. 
2007, 360, 2767. 
(28) (a) Yin, B.; Miemeyer, F.; Williams, J. A. G.; Jiang, J.; Boucekkine, A.; 
Toupet, L.; Bozec, H. L.; Guerchais, V. Inorg. Chem., 2006, 45, 8584. (b) 
Shavaleev, N. M.; Adams, H.; Best, J.; Edge, R.; Navaratnam, S.; 
Weinstein, J. A..Inorg. Chem., 2006, 45, 9410. (c) Liu, J.; Yang, C.-J.; Cao, 
Q.-Y.; Xu, M.; Wang, J.; Peng, H.-N.; Tan, W.-F.; Lu, X, -X.; Gao, X.-C 
Inorg. Chim. Acta. 2009, 362, 575. 
MScThesis                                                                                                                                            Hu Jian Jin  
 -73-
(29) (a) Wilson, J. S.; Chawdhury, N.; Al-Mandhary, M. R. A.; Younus, M.; 
Khan, M. S.; Raithby, P. R.; Kohler, A.; Friend, R. H. J. Am. Chem. Soc., 
2001, 123, 9412. (b) Vogler, A.; Kunkely, H. Top Curr Chem, 2001, 213, 
143. (c) Chi, Y.; Chou, P.-T. Chem. Soc. Rev., 2010, 39, 638.  
(30) (a) Eryazici, I.; Moorefield. C. N.; Newkome. G. R. Chem. Rev. 2008, 108, 
1834. (b) Kozhevnikov, V. N.; Donnio, B.; Bruce, D. W. Angew. Chem. Int. 
Ed. 2008, 47, 6286. (c) Tam, A. Y. Y.; Wong, K. M. C.; Yam, V. W. W. J. 
Am. Chem. Soc., 2009, 131, 6253. (d) Cummings, S. D.; Coord. Chem. Rev. 
2009, 253, 449. 
(31) (a) Lee, C. -S.; Sabiah, S.; Wang, J.-C.; Hwang, W,-S.; Lin, I. J. B. 
Organometallics 2010, 29, 286. 
(32) (a) Kui, S. C. F.; Sham, I. H. T., Cheung, C. C. C.; Ma, H.-W.; Yan, B.; 
Zhu, N.; Che, C.- M.; Fu, W. -F. Chem. –Eur. J., 2007, 13, 417. 
(33) (a) Markó, I. E.; Sterin, S.; Buisine, O.; Mignani, G.; Branlard, P.; Tinant, 
B.; Declercq, J.-P. Science, 2002, 298, 204. 
(34) (a) Speier, J. L.; Webster, J. A.; Barnes, G. H. J. Am. Chem. Soc. 1957, 79, 
974. (b) Karstedt, B. D. (General Electric Co.) 1972 USP 226928. 
(35) (a) Poyatos, M.; Maisse-François, A.; Bellemin-Laponnaz, S.; Gade, L. H. 
Organometallics 2006, 25, 2634. 
(36) (a) Berthon-Gelloz, G.; Schumers, J.; Bo, G. De.; Markó, I. E. J. Org. 
Chem. 2008, 73, 4190. (b) Rooke, D. A.; Ferreira, E. M. J. Am. Chem. Soc. 
2010, 132, 11926. (c) Francisco, A.; Robinson, B.; Yanina, M.; Javier, R.-
M.; Antonio, S.-E. J. Organomet. Chem., 2011, 696, 368. 
(37) (a) Liu, R.; Li, Y.; Li, Y.; Zhu, H.; Sun, W. J. Phys. Chem. A 2010, 114, 
12639. (b) Wu,W.; Cheng, C.; Wu, W.; Guo, H.; Ji, S.; Song, P.; Han, K.; 
MScThesis                                                                                                                                            Hu Jian Jin  
 -74-
Zhao, J.; Zhang, X.; Wu, Y.; Du, G. Eur. J. Inorg. Chem. 2010, 4683. 
(38) (a) Lu, C.; Gu, S.; Chen, W.; Qiu, H. Dalton Trans., 2010, 39, 4198. 
(39) (a) Schütz, J.; Herrmann, W. A. J. Organomet. Chem., 2004, 689, 2995. (b) 
Lee, H. M.; Lu, C. Y.; Chen, C. Y.; Chen, W. L.; Lin, H. C.; Chiu, P. L.; 
Cheng, P. Y. Tetrahedron 2004, 60, 5807. (c) Cheng, Y.; Liu, Fang, M. -F.; 
Fang, D. -C.; Lei, X. -M. Chem. –Eur. J., 2007, 13, 4282. (d) Huynh, H. V.; 
Wong, L. R.; Ng, P. S. Organometallics 2008, 27, 2231. (e) Patil, S.; 
Claffey, J.; Deally, A.; Hogan, M.; Gleeson, B.; Méndez, L. M. M.; Müller-
Bunz, H.; Paradisi, F.; Tacke, M. Eur. J. Inorg. Chem. 2010, 1020. 
(40) (a) Janiak, C. J. Chem. Soc., Dalton Trans., 2000, 3885. 
(41) (a) Rack, J. J.; Gray, H. B. Inorg. Chem., 1999, 38, 2. 
(42) (a) Rigamonti, L.; Forni, A.; Manassero, M.; Manassero, C.; Pasini, A. 
Inorg. Chem., 2010, 49, 123. 
(43) (a) Brissy, D.; Skander, M.; Retailleau, P.; Marinetti, A. Organometallics 
2007, 26, 5728. (b) Brissy, D.; Skander, M.; Retailleau, P.; Frison, G.; 
Marinetti, A. Organometallics 2009, 28, 140. 
(44) (a) Paris, J. P.; Brandt, W. W. J. Am. Chem. Soc. 1959, 81, 5001. 
(45) (a) Hu, J.; Yip, J. H. K.; Ma, D.-L.; Wong, K.-Y.; Chung, W. -H. 
Organometallics 2009, 28, 51. 
(46) (a) Lee, S. J.; Park, K. -M.; Yang, K.; Kang, Y. Inorg. Chem., 2009, 48, 
1030. (b) Wang, K,-W.; Chen, J.-L.; Cheng, Y,-M.; Chung, M,-W.; Hsieh, 
C,-C.; Lee, G.-H.; Chou, P,-T.; Chen, K.; Chi, Y. Inorg. Chem., 2010, 49, 
13725. 
(47) (a) You, Y.; Park, S. Y. Dalton Trans., 2009, 1267. (b) Ge, Q.; Cockery, T. 
C.; Humphrey, M. G.; Samoc, M.; Hor, T. S. A. Dalton Trans., 2009, 6192. 
MScThesis                                                                                                                                            Hu Jian Jin  
 -75-
(c) Bai, S.-Q.; Kwang, J. Y.; Koh, L. L.; Young, D. J.; Hor, T. S. A. Dalton 
Trans., 2010, 39, 2631. 
(48) (a) Vicent, C.; Viciano, M.; Mas-Marzá, E.; Sanaú, M.; Peris, E. 
Organometallics 2006, 25, 3713. 
